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Abstract. The relatively low height of antennas on communicating vehicles in 
Vehicular Ad Hoc Networks (VANETs) makes one hop and as well multi-hop 
Vehicle-to-Vehicle (V2V) communication susceptible to obstruction by other 
vehicles on the road. When the transmitter or receiver (or both) is a Tall vehi-
cle, (i.e., truck), the V2V communication suffer less from these obstructions.  
The transmission power control is an important feature in the design of (multi-
hop) VANET communication algorithms. However, the benefits of choosing a 
Tall vehicle when transmission power is varied are not yet extensively re-
searched. Therefore, the main contribution of this paper is to evaluate the im-
pact of transmission power control on the improved V2V communication capa-
bilities of tall vehicles. Based on simulations, it is shown that significant bene-
fits are observed when a Tall vehicle is selected rather than a Short vehicle as a 
next V2V communication hop to relay packets. Moreover, the simulation exper-
iments show that as the transmission power is increasing, the rate of Tall vehi-
cles that are selected as best next V2V communication hop is significantly 
growing.  
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1 Introduction 
Vehicular networking serves as one of the most important enabling technologies re-
quired to implement a myriad of applications related to vehicles, vehicle traffic, driv-
ers, passengers and pedestrians. A Vehicular Ad-hoc Network (VANET) is a vehicu-
lar network that allows for Vehicle to Vehicle (V2V) communication. The proposed 
technology to perform this information exchange is the IEEE 802.11p technology [1], 
which is a member of the Wireless LAN family adapted for use in vehicular environ-
ments. A VANET enables a wide range of Intelligent Transportation System (ITS) 
applications, ranging from entertainment to traffic safety and efficiency, see e.g., [2]. 
Communication between vehicles can for example be used to realize driver support 
and active safety services like collision warning, up-to-date traffic and weather infor-
mation, or active navigation systems.  
The quality of communication between a sender and receiver in a VANET is de-
termined by the quality of the received electromagnetic signal, and especially by the 
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strength of the signal. As a signal propagates from sender to receiver it is affected by 
obstacles in its path, such as surrounding buildings, foliage, but also other vehicles. In 
particular, the relatively low height of antennas on communicating vehicles in 
VANETs makes one hop and as well multi-hop V2V communication susceptible to 
obstruction by other vehicles on the road. When vehicles on the road communicate 
amongst themselves, other objects (e.g., buildings, other vehicles) could affect the 
wave propagation strongly. Existing research, see [3], [4], has shown that that other 
non-communicating vehicles often obstruct the line of sight (LOS) between the com-
municating vehicles, thus significantly decreasing their received power. In [4] the 
authors propose a propagation model that is able to model this effect. Furthermore, 
[4], [11] have shown how vehicles that have a greater height (i.e., trucks) suffer less 
from vehicle obstruction: when the transmitter or receiver (or both) is a Tall vehicle, 
the maximum distance over which communication is still possible is significantly 
larger than when neither the transmitter nor the receiver is a Tall vehicle. Tall vehicles 
can therefore better serve as next hop in multi-hop communication, because of their 
ability to communicate with nodes positioned further away. Choosing Tall vehicles as 
next hop may therefore significantly improve multi-hop communication algorithms. 
However, a major limitation of the study presented in [4], [11] is related to the fact 
that only a limited number of parameters have been taken into account, and only a 
single scenario: the authors chose a single road topology in which they varied the 
ratio of Tall vehicles and the used transmission bit rate. Parameters that were not tak-
en into account include the transmission power and traffic density. It is therefore un-
clear how this effect – the improved communication capabilities of Tall vehicles – is 
affected when the transmission power is varied.  
Current VANET research is actively focusing on transmission power control as a 
means to create communication algorithms that are energy efficient, effective and 
scalable [5], [6]. In high traffic density situations these algorithms keep the transmis-
sion power low, in order to minimize the use of energy and to keep communication 
effective and scalable. As there is less traffic the transmission power can be increased, 
to ensure that a maximum amount of vehicles can reach each other. Transmission 
power control is currently being standardized by ETSI [7] and can be performed on a 
per-packet basis. 
The transmission power control is an important feature in the design of (multi-hop) 
VANET communication algorithms. Furthermore, it is clear that the effect of choos-
ing a Tall vehicle as a next hop can also significantly improve multi-hop V2V com-
munication. However, the benefits of choosing a tall vehicle when transmission power 
is varied are not yet extensively researched. Therefore, the main contribution of this 
paper is to evaluate the impact of transmission power control on the improved V2V 
communication capabilities of Tall vehicles. Such V2V communication capabilities 
are the Packet Success Rate (PSR) and the Rate of Tall vehicles selected as best next 
hop to relay packets. PSR is defined as the ratio of the successful received beacons by 
all vehicles (under study), divided by the total number of beacons sent by all vehicles 
(under study), within a predefined transmission range. The research questions an-
swered by this paper are:  
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x What is the impact of transmission power on the packet success rate in 
V2Vcommunications when different vehicle heights are used? 
x How does the variation of the transmission power affect the effectiveness 
of choosing a Tall vehicle as a best next V2V communication hop? 
The rest of the paper is organized as follows. Section 2 describes the simulation 
environment. The simulation experiments, the simulation results and their analysis are 
given in Section 3. The two research questions listed above are answered in Section 3. 
Finally, Section 4 concludes the paper and gives recommendations for future work. 
2 Simulation Environment 
For the simulations accomplished in this research work the OMNET++ network simu-
lator v4.1 [8] combined with the MiXiM framework v2.1 [9] are used. To model the 
behavior of the IEEE 802.11p protocol as accurately as possible we have altered the 
IEEE 802.11 medium access module in such a way that all parameters follow the 
IEEE 802.11p specification [1]. In particular, the used carrier frequency is set to 5.9 
GHz. In addition to the parameters used to emulate the IEEE 802.11p behavior, addi-
tional parameters are used, which are specified in Sections 3.2 and 3.3. More details 
on the used simulation environment can be found in [12]. 
2.1 Simulation Topology 
The road topology used in this work is based on the parameters of Portuguese high-
way A28, which is a north-south motorway with length of 12.5km. The vehicle densi-
ty on the road and the mix of Tall and Short vehicles are determined according to the 
Portuguese highway data set, see [4]. However, the two parameters can be varied in 
simulation to achieve different road traffic. In this paper, the vehicle density consid-
ered is 7.9 veh/km/lane. The mix of Tall and Short vehicles is: 15% Tall vehicles and 
85% Short vehicles.  
The topology used in the performed simulations is a 4-lane road, see Figure 1. Note 
that a bold black line in Figure 1 represents the center of a lane. The length of this 
road is 10km. The inter-lane distance is defined according to Trans-European North-
South Motorway (TEM) Standards [10]. The used values are shown in Figure 1. In 
order to avoid border effects, the torus (set parameter ‘useTorus’ to true) topology is 
used in simulations, which means that the playground represents a torus with the bor-
ders (the begin and the end of axes) connected. Thus the distance between two hosts 
on the torus cannot be greater than 5km. 
The vehicles are placed on the road based on: 
x number of vehicles on the road: depends on the vehicle density  
x inter-vehicle spacing: the distance between two adjacent vehicles moving 
on the same lane, see Figure 1. It is defined using an exponential distribu-
tion, see [4], [12] 
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x type of vehicles: two types of vehicles are distinguished, Tall, and Short 
vehicles, see [4], [12] 
x dimensions of vehicles: this represents the length, width and height of both 
Tall and Short vehicles, see Table 1. These dimensions are random varia-
bles, but their values are set before placing the vehicles on the road. 
 
Fig. 1. Simulation topology 
The vehicles are carrying transmitter/receiver antennas on their roofs, see [4]. In 
particular, each Short vehicle is carrying one antenna that is located on top of the 
vehicle and in the middle of the roof. Each Tall vehicle is carrying two antennas on 
the roof, one in the front and another in the back of the vehicle, see [11]. The height 
of each antenna is set to 10 cm and the antenna gain is set to 3dBi. 
Table 1. Vehicle dimensions 
Type Parameters Estimate 
 
Short 
Width Mean: 175cm; Std. deviation: 8.3cm  
Height Mean: 150cm; Std. deviation: 8.4cm 
Length Mean: 500cm; Std. deviation: 100cm 
 
Tall 
Width Mean: 250cm 
Height Mean: 335cm; Std. deviation: 8.4cm 
Length Mean: 1300cm; Std. deviation: 350cm 
 
After the vehicles are placed on the road, simulation experiments are run in the fol-
lowing way. During one simulation run all the vehicles placed on the road will be 
transmitting in a sequential order at different (2 seconds) time intervals. This means 
that during a time interval of 2 seconds only one vehicle is transmitting one beacon 
with a length of 3200 bits. The other vehicles will successfully receive the beacon 
only if the power of the received signal is higher than a minimum receiver sensitivity 
threshold. The power of the received signal is measured at each receiving vehicle at 
the physical layer module incorporated in the OMNET++/MiXiM framework. 
18
2.2 PROPAGATION MODEL 
This section gives a brief description of the propagation model applied in this re-
search.  
Several propagation models applied in VANET research can be used to quantify 
the impact of vehicles as obstacles on the electromagnetic wave propagation. Since 
any channel model is a compromise between simplicity and accuracy, the target of 
this research is to construct a propagation model that is simple enough to be tractable 
from an implementation point of view, yet still able to emulate the essential V2V 
channel characteristics, mainly diffraction caused by mobile obstacles. A geometry-
based deterministic model with computation reduction is suitable for the research 
presented in this paper. Geometry-based deterministic models, see e.g., [4], [13], [14], 
are based on a fixed geometry (sufficient information about environment and road 
traffic) and are used to analyze particular situations. The electromagnetic field arriv-
ing at receiver results from the combination of all components: direct component, 
reflected components, diffracted components and scattered components. Usually the 
ray-tracing method is used to analyze the characteristics of these components. A high-
ly realistic model, based on optical ray tracing was proposed in [13]. The model is 
compared against experimental measurements and showed a close agreement. How-
ever, the accuracy of the model is achieved at the expense of high computational 
complexity and location-specific modeling. There are simplified geometry-based 
deterministic models, see e.g., [4][14].  In particular, the research work proposed by 
Boban et al. in [4] derive a simplified geometry-based deterministic propagation 
model, in which the effect of vehicles as obstacles on signal/wave propagation is iso-
lated and quantified while the effect of other static obstacles (i.e., buildings, overpass-
es, etc.) is not considered. The research work in [4] focuses on vehicles as obstacles 
by systematically quantifying their impact on LOS and consequently on the received 
signal power. Although the propagation model calculates attenuation due to vehicles 
for each communicating pair separately, it is still computationally efficient. Based on 
these facts, i.e., realistic features, reduced computation, and concentration on mobile 
obstacles, we decided to enhance, implement and use the propagation model proposed 
in [4]. For the received power level, the impact of obstacles can be represented by 
signal attenuation. The attenuation on a radio link increases if one or more vehicles 
intersect the Fresnel ellipsoid corresponding to 60% of the radius of the first Fresnel 
zone, independent of their positions on the transmitter-receiver (Tx-Rx) link. This 
increase in attenuation is due to the diffraction of the electromagnetic waves. To 
model vehicles obstructing the LOS, we use the knife-edge attenuation model, see 
[15].  
When there are no vehicles obstructing the LOS between Tx and Rx, we use the 
free space path loss model, see e.g., [16]. If only one obstacle is located between Tx 
and Rx, then the single knife-edge model described in ITU-R recommendation [15] is 
used. For the case that more than one vehicles (i.e., more than one obstacles) are lo-
cated between Tx and Rx, the multiple knife-edge model with the cascaded cylinder 
method, proposed in [15], is used. 
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The knife-edge model described in [15] applies when the wavelength is fairly small 
in relation to the size of the obstacles, i.e., mainly to VHF and shorter waves (f > 30 
MHz). Since the frequency of DSRC radios is 5.9 GHz the wavelength is approxi-
mately 5 cm, which is significantly smaller than the size of vehicles. 
The propagation model is implemented in the OMNET++/Mixim framework. 
3 Experiment Results and Analysis 
Two sets of experiments are performed using the static parameters described in Sec-
tion 2, such as road information, dimension of vehicles, antenna height, vehicle densi-
ty and percentage of Tall vehicles. The first set of experiments answers the first re-
search question and it evaluates the impact of transmission power on the packet suc-
cess rate in V2V communications when different vehicle heights are used. The se-
cond set of experiments answers the second research question and it evaluates how 
the variation of the transmission power does affect the effectiveness of choosing a tall 
vehicle as a best next V2V communication hop.  
In order to guarantee a high statistical accuracy of the obtained results, multiple 
runs have been performed and double-sided 90% confidence intervals have been cal-
culated. More specifically, up to 50 runs are performed for the first set of experi-
ments, and up to 200 runs are performed for the second set of experiments. Several 
graphs are depicting in addition to the average values also the confidence intervals in 
the form of upper and lower bars around their associated average values. For all per-
formed experiments, the calculated confidence intervals are lower than the ±5 % of 
the shown calculated mean values. 
3.1 Performance Metrics 
Two performance metrics are defined and used in this paper. 
3.1.1 Packet Success Rate (PSR) 
The Packet Success Rate (PSR) is defined as the ratio of the successful received 
beacons by all vehicles (under study), divided by the total number of beacons sent by 
all vehicles (under study), within a predefined transmission range. A transmission 
range is defined by the radio coverage area of a transmitter.  
A beacon is successfully received if the received power is higher than a minimum 
sensitivity threshold. The minimum receiver sensitivity threshold used in this research  
is -85dBm (data rate: 3Mbps, modulation: BPSK), see [17].  
3.1.2 Rate of Tall vehicles selected as best next hop 
In multi-hop routing it is usually desirable to cover a communication distance in as 
little hops as possible. This can be done by consistently having nodes select that 
neighbor node as a next hop that adds the largest number of second hop neighbors. 
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The best next hop in this paper is therefore defined as the one-hop neighbor that adds 
the largest number of second hop neighbors to the vehicle under consideration.  
The Rate of Tall vehicles selected as best next hop is defined as the ratio of the to-
tal number of Tall vehicles in the system, selected as best next hop to relay packets, 
divided by the total number of vehicles in the system.  
This performance metric is calculated based on the steps defined in [11]:  
x With a certain percentage of Tall vehicle and a certain density, for each 
vehicle on the road, we find the farthest neighbouring Tall and farthest 
neighbouring Short vehicle that receives a packet correctly  
x Next, we determine which of the two has the largest number of new 
neighbours (i.e., which adds the largest number of second hop neighbours 
to the vehicle under consideration) 
x Finally, if the largest number of new neighbours is gained by using a Tall 
vehicle, we select it; otherwise, we select the Short vehicle as the best next 
hop. 
3.2 Evaluation of the Impact of Transmission Power on the Packet Success 
Rate (PSR)  
This section describes the first set of experiments and answers the first research 
question. The goal of this set of experiments is to evaluate the impact of the transmis-
sion power on the Packet Success Rate (PSR) in V2V communications when different 
vehicle heights are used. The parameters used during this set of experiments are given 
in Table 2. 
In this set of experiments four types of transmission/reception (Tx/Rx) links are 
applied: (1) Tx and Rx are both Short vehicles (Short-Short), (2) Tx and Rx are Tall 
vehicles (Tall-Tall), (3) Tx is a Short vehicle while Rx is a Tall vehicle (Short-Tall) 
and (4) Tx is a Tall vehicle while Rx is a Short vehicle (Tall-Short). 
Table 2. Parameters used in first set of experiments 
Density 7.9 veh/km/lane 
Spacing Mean 125m 
Tx Power {10, 18, 25, 33}dBm ({10, 63, 316, 1996}mW) 
Ratio of Tall Vehicle  0.15 (15% Tall vehicles in the network) 
Receiver Sensitivity 
threshold 
-85 dBm (3 Mbps, BPSK) 
 
Figure 2 shows the PSR results versus the transmission power for the 4 types of 
transmission/reception (Tx/Rx) links. From this set of experiments it can be conclud-
ed that: 
1. all the PSR values associated with the Tall-Tall transmission/reception links are 
higher than all the PSR values associated with all other transmission/reception 
links 
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2. all the PSR values associated with the Short-Short transmission/reception links are 
lower than all the PSR values associated with all other transmission/reception links  
3. all the PSR values associated with the Tall-Short transmission/reception links are 
higher than all the PSR values associated with the Short-Tall transmis-
sion/reception links  
4. when the transmission power is increased the PSR average values for all types of 
transmission/reception links (i.e., Short-Short, Short-Tall, Tall-Short and Tall-Tall) 
are increasing 
5. for the same transmission power and when the transmission range is increased then 
the average values of the PSR for all types of transmission/reception links are de-
creasing 
6. as the transmission range is increasing, (i.e., 200m, 400m, 600m, 800m) the differ-
ences between the PSR average values associated with each of the transmis-
sion/reception links become larger when the transmission power is increased. 
 
Fig. 2. Packet Success Rate (PSR) versus Transmission Power, for different transmission rang-
es (a): 200m, (b): 400m, (c): 600m, (d): 800m 
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3.3 Evaluation of the Impact of Transmission Power on Selecting Tall 
Vehicles as Best Next Hop 
This section describes the second set of experiments and answers the second re-
search question. The goal of this set of experiments is to evaluate how the variation of 
the transmission power does affect the effectiveness of choosing a tall vehicle as a 
best next V2V communication hop. The performance metric used in this set of exper-
iments is the Rate of Tall vehicles selected as best next hop, see Section 3.1.2. The 
parameters used during this set of experiments are given in Table 3. 
Table 3. Parameters used in second set of experiments 
Density 7.9 veh/km/lane 
Spacing Mean 125m 
Tx Power {10, 14, 18, 22, 25, 30, 33}dBm 
Ratio of Tall Vehicle {0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.5 } 
Receiver Sensitivity 
threshold 
-85 dBm (3Mbps, BPSK) 
 
Figure 3 shows the Rate of Tall vehicles selected as best next hop results, when the 
transmission power and the ratio of Tall vehicles present on the road are varied.  
 
Fig. 3. Rate of Tall vehicle as best next hop, when varying transmission power and Ratio of 
Tall vehicles present on the road  
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The lower surface shown in Figure 3, represents a reference plane, where the value 
of the Rate of Tall vehicles selected as best next hop metric for each used transmission 
power is equal to the actual ratio of Tall vehicles present on the road. The upper sur-
face represents the results of our simulation experiments. From this set of experiments 
it can be concluded that: 
1. for all transmission power values and all ratios of Tall vehicles present on the road, 
the Rate of Tall vehicles selected as best next hop is higher than the ratio of Tall 
vehicles present on the road (the lower plane in Figure 3), which indicates that 
compared to Short vehicles, the Tall vehicles are better next V2V communication 
hops, regardless of the transmission power used.  
2. as the transmission power increases, Tall vehicles become even better next V2V 
communication hops. The reason of this is that by increasing the transmission 
power, the maximum communication range increases and Tall vehicles have the 
ability to better exploit this large communication range as they have a larger prob-
ability of having a LOS with more vehicles that are located far away. 
Note that additional simulation experiments have been performed and presented in 
[12], but due to page limitations these experiment results are not shown in this paper. 
4 Conclusions and Future Work 
In this article we evaluated the impact of transmission power control on the im-
proved V2V communication capabilities of Tall vehicles. In particular, this paper 
evaluates (1) the impact of transmission power on the packet success rate in V2V 
communications when different vehicle heights are used and (2) how the variation of 
the transmission power does affect the effectiveness of choosing a tall vehicle as a 
best next V2V communication hop. 
Based on simulations, it is shown that significant benefits are observed when Tall 
vehicles are selected rather than Short vehicle as a next communication hop to relay 
packets. Moreover, the simulation experiments show that as the transmission power is 
increasing the rate of Tall vehicles that are selected as best next V2V communication 
hop is significantly growing. In particular, the increase of this rate is amplified when 
in addition to the transmission power, also the ratio of Tall vehicles present on the 
road is increased. 
Furthermore, based on the simulation experiments, we conclude that for realistic 
situations (i.e., inter-vehicle spacing mean: 125m, Tall vehicles percentage: 15%) the 
communication links that are using Tall vehicles as transmitter and/or receiver per-
form consistently and significantly better than the communication links that use Short 
vehicles, from the point of packet success rate. Moreover, when the transmission 
power is increased the packet success rate average values for all types of transmis-
sion/reception links (Short-Short, Short-Tall, Tall-Short and Tall-Tall) are increasing. 
However, for the same transmission power and when the transmission range is in-
creased then the average values of the packet success rate for all types of communica-
tion links are decreasing. Furthermore, as the transmission range is increasing, the 
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differences between the packet success rate average values associated with each of the 
transmission/reception links become larger when the transmission power is increased. 
As future work, we will use the model presented in this paper and focus on the in-
vestigation of VANET multi-hop and geo-cast communication algorithms and proto-
cols, when (1) the effect of Tall vehicles on the V2V communication and (2) the ben-
efit of choosing a Tall vehicle as a next hop are taken into account. 
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